Background In accordance with current guidelines, proton pump inhibitors (PPIs) are now generally prescribed as a protective co-medication in patients taking non-steroidal anti-inflammatory drugs (NSAIDs) or low-dose acetylsalicylic acid (LDASA). However, less attention is paid to the corresponding discontinuation of a PPI after cessation of NSAID or LDASA treatment.
Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) and lowdose acetylsalicylic acid (LDASA) may cause serious gastrointestinal (GI) adverse effects such as dyspepsia, peptic ulcers, peptic bleeding and ulcer perforations [1, 2] . The use of these drugs substantially contributes to the number of potentially preventable, drug-related hospital admissions [3, 4] . Proton pump inhibitors (PPIs) effectively prevent GI complications in NSAID and LDASA users [5, 6] . Consequently, PPIs are recommended as a protective co-medication in patients at risk of GI damage during NSAID or LDASA treatment [5] [6] [7] [8] [9] . In the Netherlands, since 2012, PPIs have been recommended for all patients using NSAIDs aged 70 years and older and for those using LDASA aged 80 years and older. For patients using NSAIDs aged 60 years and older, and LDASA users aged 70 years and older, PPIs are recommended in combination with GI risk-increasing co-medication or co-morbidity [9] . This policy was supported by the development of quality indicators for general practitioners and community pharmacists [10, 11] .
Incorporated in the prescribing and dispensing process, these quality indicators measure the proportion of patients with a protective co-medication in NSAID or LDASA users at increased GI risk. Over the years in the Netherlands, the concomitant use of PPIs in (older) patients prescribed NSAIDs and LDASA has considerably increased. In NSAID users at risk of GI adverse effects, PPI use increased from 55% in 1996 [12] to 85% in 2012; the proportion of susceptible LDASA users with a PPI co-medication grew from 8% in 2000 to 31% in 2012 [10] . In 2013, 2.75 million people in the Netherlands (17% of the total population) used PPIs with on average 235 daily defined doses [13] . In 2015, the PPI omeprazole was the most frequently dispensed drug in the Netherlands with 5.2% of all drugs dispensed [14] .
Although PPIs effectively reduce upper GI damage in patients at risk [7, 15] , a number of concerns have been raised concerning their safety [16] . In several studies, PPIs were shown to modestly increase the risk of bone fractures (hip, wrist and vertebrae) in long-term users [17] [18] [19] [20] [21] . Furthermore, there is some evidence that PPIs increase the risk of community-acquired pneumonia (CAP), especially shortly after initiation of treatment [22] [23] [24] [25] .
Finally, there is a consensus that PPI use without a disease or medication-based indication should be avoided [26] . This inappropriate PPI use has been described before [27] [28] [29] [30] [31] . The cost effectiveness to add a protective PPI comedication to NSAID or LDASA treatment in patients with an increased risk of GI damage has been well demonstrated [32] [33] [34] . However, insight into the potential cost savings and benefits from the discontinuation of inappropriate PPI use following cessation of NSAID or LDASA treatment is lacking.
Consequently, the present study aimed to, first, document the extent of inappropriate PPI use initially related to NSAID and LDASA treatment in the Netherlands. Second, to assess the benefits of the strategy to stop inappropriate PPI use in former NSAID and LDASA users at risk of GI adverse effects as compared to no intervention using a Markov model. A budget impact analysis (BIA) was performed for the potential cost savings resulting from the successful use of interventions to prevent inappropriate PPI use.
Methods

Inappropriate Proton Pump Inhibitor Use
Routinely collected dispensing data were extracted from the Dutch Foundation of Pharmaceutical Statistics database. The Dutch Foundation of Pharmaceutical Statistics collects dispensing data from more than 95% of the 1979 Dutch community pharmacies [35] . The database provides detailed information on drugs dispensed including the codes from the Anatomic Therapeutic Chemical code system [36] , the prescribed daily dose and the amount dispensed. As a consequence, drug use periods can be calculated by dividing the amount dispensed by the prescribed daily dose. Information on patients' sex and year of birth were also available. Medication of a specific patient was tracked within a pharmacy over time by a defined unique anonymous code per patient. For the present study, data from Dutch community pharmacies were used, which had provided complete data for the years 2013-2014. With these data, the proportions of inappropriate PPI continuation were calculated for the year 2014 in PPI users who started this protective co-medication in addition to NSAID or LDASA treatment but continued to use a PPI after cessation of their potentially harmful medication. Data on 2013 were necessary to establish that PPIs were started in 2014 and thereby not used in the year preceding 2014. The study was approved by the Dutch Foundation of Pharmaceutical Statistics advisory board.
Measures
Patients aged older than 50 years with PPI initiation in 2014 and an NSAID or LDASA treatment period within 10 days before or after PPI dispensing were selected from the database. This selection aimed to select only those PPI users who started using a PPI as a gastroprotective co-medication.
Key Points
Continued use of a proton pump inhibitor (PPI), started as a protective co-medication to non-steroidal antiinflammatory drug (NSAID) and low-dose acetylsalicylic acid (LDASA) treatment, is substantial. 11.0% of PPI use continued after NSAID cessation, 5% of PPI use continued after LDASA cessation.
Inappropriate use of a PPI co-medication was highest in the older age categories.
Interventions to stop inappropriate PPI use easily pay for themselves as they prevent the occurrence of unnecessary PPI adverse effects.
Patient selection included patients from the age categories for which the guidelines recommend gastroprotection [9, 37] . Younger age categories were also selected for a broader examination of PPI co-treatment initiation and cessation. Subjects with inappropriate PPI use were those with a repeat PPI dispensing and without an NSAID or LDASA treatment period within 10 days before or after this dispensing in the year 2014. Treatment periods were calculated from the amount dispensed divided by the prescribed daily dosage. Thus, NSAID or LDASA use could be taken into account from earlier dispenses. Percentages of inappropriate PPI use were calculated relative to patients who started these drugs as a protective co-medication to NSAID or LDASA treatment.
Current guidelines recommend the initiation of PPI cotreatment in patients aged 60 years and older with NSAID or LDASA use who have additional risk factors for GI damage. Additional risk factors are comorbidity such as rheumatoid arthritis, diabetes mellitus, or heart failure, or co-medications such as selective serotonin reuptake inhibitors or oral corticosteroids [9] . Because the guidelines differentiate between the need to prescribe a protective PPI in patients using an NSAID or LDASA for the age categories between 60-69 years, 70-79 years, and for LDASA also users aged 80 years and older, the results were stratified for these age categories as well as for the 50-59 years age category. Descriptive analyses on frequencies were performed with IBM SPSS Statistics 20 and Microsoft Excel 2007.
Cost-Utility Analysis
Costs were compared for the effectiveness in terms of costs and quality of life in separate models for PPI use during treatment with NSAIDs and with LDASA by two strategies each: (1) PPI use discontinued together with the cessation of the NSAID or LDASA treatment, and (2) PPI use continued after cessation of NSAID or LDASA treatment. For this purpose, Markov models with a time horizon of 5 years were created using Microsoft Excel 2007. The analysis were performed from a healthcare perspective. In view of the age categories involved, costs for productivity losses were less relevant and were not included in the models. The general structure of the models is shown in Fig. 1 . Each patient started in a health state affected only by a disorder requiring NSAID or LDASA treatment. After 3-month cycles, patients could transfer to one of the following states: hip fracture, CAP, GI bleeding, death or remain in the initial health state.
Population-based incidence rates of hip fractures, CAP, GI bleeding and death were collected from Dutch Statistics. For the PPI discontinuation strategy, incidence rates were transformed into probabilities and used in this strategy [38, 39] . For the continuation strategy, incidence rates were transformed into health-state-specific probabilities by using PPI risk ratios on these events (see Electronic Supplementary Material [ESM]). The different probabilities were constructed in a manner to increase a subject's risk to develop certain events with higher age.
Costs related to GI bleeding were taken from De Groot et al. [32] Costs related to CAP were derived from Spoorenberg et al. [40] and costs for a hip fracture were taken from the Dutch Organisation Veiligheid.nl, which collects information on safety problems in the Netherlands [41] . All costs were updated to 2015 prices by using Dutch consumer price indices [42] . A list for the costs and utilities is given in the ESM.
Utilities for the different health states were collected from the literature. The utilities of hip fractures were based on a systematic review of Peasgood et al. [43] . Utilities for GI bleeding were collected from De Groot et al. for NSAID and LDASA use, respectively [32, 33] . Because no utility for CAP was available from the literature, a utility was constructed based upon the comparison of the severity of this health state to the other health states used in this study. With these utilities, quality-adjusted life-years (QALYs) were calculated for each scenario. As recommended by the Dutch guidelines for pharmacoeconomic evaluations, costs were discounted at an annual rate of 4%, whereas utilities were discounted at an annual rate of 1.5% [44] .
Parameter uncertainties were taken into account by performing probabilistic sensitivity analyses with Monte Carlo simulations based on 5000 iterations. For each iteration, a random value for each parameter was taken, based on the parameter distribution [38] . These distributions were based upon the 95% confidence intervals of each parameter. Beta . Subjects started as 'healthy', a health state affected only by a disorder requiring non-steroidal anti-inflammatory drug (NSAID) or low-dose acetylsalicylic acid (LDASA) treatment. Subsequently they could transfer to a state of hip fracture, community acquired pneumonia, gastrointestinal (GI) bleeding or death, or remain in the initial health state. In a following 3-month cycle, patients could stay in the same health state or move to one of the other health states or death. GIbleeding gastrointestinal bleeding distributions were used for utilities and probabilities, gamma distributions for costs, and lognormal distributions for risk ratios [39] . With the outcomes of the Monte Carlo simulations, a scatter plot of the incremental cost-effectiveness ratios and a cost-effectiveness acceptability curve were calculated. Seventy-year-old patients served as base cases, as this was the average age of NSAID and LDASA users for whom the use of a protective PPI medication is recommended. The analyses had a time horizon of 5 years. The model was based on NSAID or LDASA use for 5 years at an adherence rate of 68% [45] .
Budget Impact Analyses
A BIA was performed for the potential cost savings of a successful intervention to prevent inappropriate PPI use according to international guidelines [44, 46] . The budget impact was calculated for the first year after stopping from a healthcare perspective. First, the costs of both strategies for stopping and continuation of PPI co-treatment were calculated with the model. The difference in costs between the two strategies were then multiplied with the number of patients who were dispensed a PPI repeat prescription without concomitant NSAID or LDASA use. For the BIA, age categories were chosen corresponding to the cost-utility analysis because different healthcare resources are used with increasing age. The total sum of the different age categories was considered as the total budget impact for ceasing inappropriate PPI use after 1 year.
Results
Extent of Inappropriate Proton Pump Inhibitor Use
In 2014, the numbers of NSAID and LDASA users dispensed a PPI within 10 days of a period of NSAID or LDASA use amounted to 247,460 and 173,852, respectively (Table 1) . Overall, 11.0% of the PPI users who started a PPI in combination with an NSAID continued to use a PPI after NSAID cessation. For LDASA users, the percentage of inappropriate PPI continuation was 5.0%. Inappropriate PPI continuation was highest in former NSAID users aged 80 years and older (16.4%) and lowest in patients aged between 50 and 59 years (9.9%). In LDASA users, inappropriate PPI continuation was highest for patients between aged 70-79 years (5.3%) and lowest in the 50-59 years and 60-69 years categories (4.7% for each category).
Cost-Utility Analysis
For the base case, the strategy of discontinuing PPI cotreatment, as compared to the strategy of PPI continuation, resulted in incremental costs of €170 (95% confidence interval − 282 to − 75) indicating savings, and incremental effects gains of 0.003 (95% confidence interval 0.001-0.005). Stopping PPI co-treatment was a cost-saving strategy for all age categories compared with the strategy of continuation after NSAID or LDASA cessation, and as such inappropriate PPI use ( Table 2 ). Consequently the PPI discontinuation strategy 'dominated' its alternative in all 5000 simulations (Fig. 2) . This was due to both costs saved for the medication and for the treatment of adverse effects (negative incremental costs) and the gain of QALYs because of a lower incidence of adverse effects resulting from continued PPI use (positive incremental QALYs).
In older age categories, the difference between costs and effects for the two strategies increased, implicating that the cost effectiveness of interventions to stop inappropriate PPI use increases with a patients' age.
Budget Impact Analysis
The results of the BIA are shown in Table 3 . The total budget impact of conducting interventions to discontinue inappropriate PPI use after cessation of NSAID or LDASA treatment was almost €1,050,000. Based on the total budget impact of a 100% successful intervention, this equals €29 per patient.
Discussion
In 2014, a substantial number of patients in the Netherlands who had been prescribed an NSAID or LDASA in combination with a PPI to prevent GI adverse effects were found to have inappropriately continued their PPI use after cessation of NSAID or LDASA treatment. The highest percentage (16.4%) of patients inappropriately using a PPI was found in the oldest age category (> 80 years) after NSAID discontinuation. Our analysis showed that discontinuation of inappropriate PPI use resulted in substantial cost savings and improvement of quality of life. From the costs' perspective, this was to be expected because of the savings of the direct medication costs for the PPIs. Additional gains in QALYs and cost savings were achieved by preventing hip fractures and CAP as PPI adverse effects. Earlier studies reported substantially higher percentages of inappropriate PPI use. In a recent US study, about 80% of PPI continuation was found to be inappropriate because of the absence of a valid indication after hospital discharge [29] . An Australian study showed that 63% of all PPI prescriptions were not based on actual guideline recommendations [30] . An Irish study considered 33% of PPI use as inappropriate [31] . The considerable lower percentages found in the present study might be explained by the fact that our study focused on PPI use as a co-medication to NSAID or LDASA treatment. Thus, inappropriate PPI use due to other reasons such as PPI continuation after hospital discharge was not taken into account. A more reticent prescribing attitude in the Netherlands may also have contributed to the lower percentages of inappropriate PPI use observed in our study. Finally, the quality of prescribing, and dispensing, may be higher in the Netherlands as has been described previously for other aspects of inappropriate prescribing [47] .
Except as a co-medication in patients using an NSAID or LDASA, PPIs could also have been prescribed for other reasons such as Zollinger-Ellison syndrome, Barret's esophagus or esophagitis. A limitation of dispensing data used in the present study is that they did not provide information on these disorders. However, as their prevalence is low, patients with these disorders were unlikely to have substantially influenced our results. Furthermore, we have only included patients who started PPI treatment and who had not been dispensed a PPI in the prior 12 months. These patients also had to have a period of NSAID or LDASA use within a narrow time window of 10 days around the PPI treatment initiation. Thus, patients included were most likely to use PPIs as a protective co-medication.
According to the guidelines, PPI use should be periodically evaluated to prevent long-term use and the development of rebound effects on gastric acid production. As the result of strict inclusion criteria, inappropriate PPI continuation might have been missed and our findings therefore may be too conservative. In addition, we only included costs and QALYs for hip fractures but not for other fractures that might occur as PPI side effects. This could also make our estimates for the consequences of PPI adverse effects too conservative. Finally, drug prices used in the BIA are only an indication for the real prices paid by the health insurers.
Nevertheless, unlike list prices, they are probably the best indication of the actual prices in the Netherlands, which as such are not transparent because of direct price negotiations between manufacturers on the one hand, and health insurers or hospitals on the other hand. A strength of this study is that we used the data of nearly 90% of all Dutch community pharmacies. Our results therefore are representative of the Netherlands. Because our information was extracted from routinely collected dispensing data, reporting bias is also unlikely. In our model, we assumed that event rates were constant, whereas this is likely to change over time. However, because to our knowledge there are no data available on the rates over time, under the current conditions the assumptions are the best available.
The BIA showed that an intervention to discontinue inappropriate PPI use related to previous NSAID or LDASA treatment would cost up to €29 extra per patient. These costs are determined by the costs already invested for an intervention to stop inappropriate PPI use, minus the savings resulting from the prevention of PPI-induced adverse effects and their detrimental consequences. The cost-utility analysis shows that this intervention will easily pay for itself in the following years (as indicated by the negative incremental costs). Pharmacists in cooperation with general practitioners could effectively intervene by means of adequate patient counselling or increasing awareness, for instance by a letter, to stop the inappropriate use of PPI [48] .
In a study in outpatient clinics of Australian hospitals, a strategy to reduce the inappropriate use of PPI by more intensive patient counselling proved effective [37, 49] . Based on our results, in Dutch community pharmacies, by monthly searches of dispensing data, 18 potentially inappropriate PPI users per pharmacy on average can be easily identified. Subsequently, in consultation with the general practitioners and in the absence of other reasons for PPI discontinuation, these patients could be labelled for not dispensing further PPIs. With regard to the BIA, it is important to note that the prices used to calculate the BIA more or less reflected the actual prices used by the healthcare insurers.
In the Netherlands, the prices of generic medicines are very low as the result of the legal power of health insurers to impose price-restricting measures. For a given drug, these prices may differ between insurers while the basis for pricing is not transparent. We believe that under these conditions the prices used in the present study are the best available. As the risks of adverse effects increases with older age, discontinuation of inappropriate PPI use proved more cost effective in older patients.
Conclusions
The results of our study show that a substantial number of patients inappropriately continue to use a PPI after cessation of NSAID or LDASA treatment. Because adverse effects and their detrimental consequences are avoided, interventions to stop inappropriate PPI use, particularly in older patients, are likely to pay for themselves. Therefore, their routine use should be promoted.
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